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Public Opinion Dissemination with Incomplete Information on
Social Network: A Study Based on the Infectious Diseases Model
and Game Theory
Bin Wu , Ting Yuan, Yuqing Qi, and Min Dong
Abstract: Given the fragmentation of public opinion dissemination and the lag of network users’ cognition, the paper
analyzes public opinion dissemination with incomplete information, which can provide reference for us to control and
guide the spread of public opinion. Based on the derivative and secondary radiation of public opinion dissemination
with incomplete information, the Susceptible-Susceptible-Infected-Recovered-Recovered-Infected (SSIRR-I ) model is
proposed. Given the interaction between users, the Deffuant opinion dynamics model and evolutionary game theory
are introduced to simulate the public opinion game between dissemination and immune nodes. Finally, the numerical
simulation and results analysis are given. The results reveal that the rate of opinion convergence significantly affects
disseminating public opinion, which is positively correlated with the promotion effect of the dissemination node and
negatively correlated with the suppression effect of the immune node of public opinion dissemination. Derivative and
secondary radiations have different effects on public opinion dissemination in the early stage, but promote public
opinion dissemination in the later stage. The dominant immune nodes have an apparent inhibitory effect on the
spread of public opinion; nevertheless, they cannot block the dissemination of public opinion.
Key words: incomplete information; social network; Deffuant model; evolutionary game

1

Introduction

With the rapid development of the Internet and social
platforms, the way people communicate has constantly
been evolving. Social media have gradually penetrated
into our lives and become the primary medium for the
generation and dissemination of public opinion for us[1] .
During the coronavirus disease 2019 pandemic, people’s
social activities have decreased, thereby increasing their
reliance on social media. According to the Quarterly
Analysis Report[2] , China’s Internet users had reached
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904 million by March 2020, and the number of
active Weibo users had reached 550 million. According
to these data, social media have gradually replaced
mainstream media and become the most popular way
of spreading public opinion. However, the subjective
and objective factors, such as media constraints and
obscure facts of public opinion publishers, will hinder
the dissemination of public opinion. Consequently, when
deciding whether to disseminate public opinion, users
of social networks do not have full cognition of public
opinion, that is, incomplete information. This leads to the
derivative[3] and secondary radiation of public opinion
dissemination. Therefore, the paper studies the rules
of public opinion dissemination on the condition of
incomplete information.
Network public opinion can be divided into positive
and negative public opinion. Positive public opinion
can promote social stability and development, whereas
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negative public opinion has passive impacts on the
audience and society. Therefore, it is vital to strengthen
the dissemination of positive public opinion and control
the fermentation of negative public opinion to promote
social development in all aspects[4] . However, a chain
reaction of public opinion is triggered by the tendency
of media reports and other factors. The phenomena of
truth eclipsing and dissemination disorder occur from
time to time[5] . For example, some media link the
Essex container incident with China without verification.
Due to the lack of detailed understanding of the
public opinion[6] , publics made irresponsible comments,
which triggered a chain reaction of international public
opinion. Therefore, it is crucial to study public opinion
dissemination under incomplete information to master
the rules of public opinion dissemination on the social
network.
The study discusses the dissemination process
and evolution law of public opinion in the social
network. On this basis, considering the influence of the
fragmentation of public opinion transmission and the lag
of users’ cognition on the evolution of public opinion
under incomplete information, a new public opinion
dissemination model is proposed. The contributions of
the paper are summarized below:
 We propose a new Susceptible-Susceptible-InfectedRecovered-Recovered-Infected (SSIRR-I ) model for
discussing the dissemination process of network
public opinion. Our model improves the SusceptibleInfected-Recovered (SIR) model by considering the
derivative and secondary radiations of public opinion
dissemination with incomplete information.
 To better examine the dissemination of network
public opinion, we consider the interaction between
nodes, and then introduce the Deffuant continuous
opinion dynamics model.
 As the dissemination and immune nodes determine
the dissemination rate and the rules of public opinion
dissemination, we combine the evolutionary game to
model the dissemination node and the immune node.
The rest of the paper is structured in the following
manner. Section 2 summarizes the relevant research
about public opinion dissemination. Section 3 introduces
the evolutionary game model of public opinion
dissemination. Section 4 presents numerical simulation
and analyzes various parameters on public opinion
dissemination under incomplete information. Finally, the
results of the research and prospects for further studies
are summarized.

2

Literature Review

The current research related to the transmission of
public opinion on social networks mainly focuses
on dissemination model[7–9] , node preference[10, 11] ,
rumor diffusion[12, 13] , network topology[14–16] , etc.
First, various methods have been proposed to study
the dissemination model of network public opinion.
Considering that the dissemination process of public
opinion on social networks is similar to the diffusion
mechanism of infectious diseases among people[17] ,
many research studies on the dissemination model of
public opinion are based on the epidemic model[18] .
With the development of the dynamic system, complex
networks, and other theories, a series of models,
such as Susceptible-Infected-Recovered-Susceptible
(SIRS), Susceptible-Exposed-Infected-Removed (SEIR),
and Susceptible-Known-Infected-Rumor (SKIR) have
evolved[19–21] . Yao and Ji[22] described public opinion
events on social networks based on the traditional
dissemination model. Liu et al.[23] extended the classic
dissemination model and constructed the SusceptibleHesitating-Infected-Removed (SHIR) model to analyze
the diffusion mechanism of competitive information
on social networks. Wang et al.[24] considered the
characteristics of microblog information dissemination
and put forward the new epidemic model with the aid
of data intensive computing theory. Also, simulation
experiments were conducted to analyze the influence
of parameters on microblog community information
dissemination. Simultaneously, real social networks
exhibit scale-free and small-world properties[25] .
Previous studies have analyzed the rules of public
opinion dissemination on social networks on the
basis of the SIR epidemic model. Xu et al.[26]
combined the model with psychological factors, such
as hesitation, proposed the Susceptible-HesitatingPropagating-Resisted-Susceptible (SHPRS) scale-free
public opinion dissemination model, and explored the
mechanism of public opinion dissemination on social
networks. However, social networks are at best weakly
scale-free[27] , that is, scale-free networks are different
from the existing social networks. Hence, the conclusion
is not fully applicable to disseminating network public
opinion.
What’s more, preliminary studies focused on the
dynamic of disseminating public opinion, but ignored
the origin of public opinion. Given that the fundamental
reason for the generation and dissemination of public
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opinion information on social networks is the game
and interest conflict between relevant subjects[28] ,
more researchers have increasingly applied game
theory to analyze the dissemination of online public
opinion. Li et al.[29] conducted an evolutionary game
analysis of individuals and neighboring individuals on
the Ignorant-Spreader-Vaccination-Recovered (ISVR)
public opinion dissemination model and revealed the
model’s effectiveness in stimulating public opinion
dissemination on social networks by combining it
with real data. Wang et al.[30] introduced social
networks into learning rules and developed an
evolutionary game model between enterprises and
netizens when negative public opinion of enterprises
were disseminated to provide strategies for enterprises
to choose countermeasures against negative public
opinion. Liu et al.[31] proposed an evolutionary game
model of netizens’ public opinion at different stages
under incomplete information and observed that when
managers strengthen public opinion supervision, the
Internet emergency slows down. Besides, researchers
also consider complex interactive relationships on social
networks, and the evolution direction of public opinion
is the mapping of netizens’ opinions on social networks.
In this regard, some research also analyzed online
public opinion dissemination from the perspective of the
interaction between individuals. In general, the model
in the study adopted continuous values to represent
the interaction between the nodes[32, 33] . Chen et al.[34]
considered the interaction between individuals, used
Deffuant opinion interaction model to reflect the process
of interaction between individuals with differences in
information, and described the complexity of public
opinion dissemination. Given the intimacy between
the nodes, Gu and Zhang[35] improved the WeisbuchDeffuant (WD) model and established an evolutionary
game model of public opinion dissemination that
corresponded to reality. The experimental results
demonstrated that the new model had a better
adaptability and was more in line with the dissemination
process of the real public opinion. Based on the above
research, it could be observed that the existing studies
rarely explore the public opinion dissemination process
based on the epidemic model under the condition of
incomplete information. Therefore, in this study, the
SIR traditional model is improved, and the SSIRR-I
model is constructed. In addition, considering the
differences and interaction between nodes in the process
of public opinion dissemination, we employ Deffuant
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viewpoint interaction model to reflect on the process of
updating nodes’ opinions in the epidemic model. We
further introduce game ideas to study the evolution of
public opinion in different scenarios and the influence
of various parameters on the dissemination of public
opinion.

3
3.1

Evolutionary Game Model of Network
Public Opinion
SSIRR-I dynamic model of public opinion
transmission

In the process of studying the spread of public opinion
on social networks, network users are always abstracted
as nodes, while the connection between the users is
abstracted as edge. When network public opinion is
generated, the node will receive the public opinion
with a certain probability and decide to disseminate or
immunize the public opinion according to its interest
in public opinion and other factors. Moreover, when
public opinion is shared on social networks, the status
of nodes will change with a certain probability. With
the evolution of time, public opinion does not have the
significance or value of dissemination, which makes
the node immune to public opinion. Considering the
derivative and secondary radiations of public opinion
dissemination under incomplete information, we propose
the SSIRR-I dynamic public opinion dissemination
model. The process of public opinion dissemination
based on the SSIRR-I model is given below:
.1/ The recovery nodes in the epidemic model will
still be infected with the disease and become infected
nodes. We improve the epidemic model and establish the
SSIRR-I model in combination with the dissemination
process of actual public opinion. In the model, network
nodes are divided into three categories: S unknown
nodes (nodes that are similar to the susceptible nodes but
do not receive or browse public opinion), I dissemination
nodes (nodes that are similar to the infected nodes and
decide to disseminate public opinion), and R immune
nodes (nodes that are similar to the recovered nodes
and refuse to disseminate the public opinion after
consideration or at the initial stage).
.2/ The densities of nodes in different states change
with time. At time t , the three types of nodes’ densities
are S.t /, I.t /, and R.t /, which are continuously
differentiable functions of time t , and they satisfy
S.t / C I.t / C R.t / D 1.
.3/ Figure 1 shows the node state transition with
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Node status transition model of SSIRR-I .

public opinion dissemination in the social network. At
time t, the unknown nodes may contact, browse, and
learn about public opinion. Based on their preferences
and other factors, if exciting points are aroused, they will
be transformed into dissemination nodes with probability
. If they are not interested, they will be transformed
into immune nodes with probability . In the process
of public opinion dissemination under incomplete
information, nodes show cognitive tendencies toward
a specific public opinion from different perspectives
and exchange opinions with each other. Therefore,
more information is generated, and more topics are
derived. In additon, owing to the interest and other
factors, the public opinion receivers do not have a
complete understanding of the public opinion. Given
the secondary radiation of public opinion, the users
may have a new cognition on the public opinion,
which leads to decisions being updated. Based on this
aspect, the dissemination nodes lose interest in public
opinion and are transformed into immune nodes with
probability ˛. Immune nodes are attracted by public
opinion and transformed into dissemination nodes with
probability ˇ.
3.2

Modify the Deffuant opinion dynamics model

The Deffuant model is the continuous opinion dynamic
model[36, 37] . The opinion of the node in the system is
set as any real number in the continuous interval Œ0; 1,
and opinions of nodes are quantified. We assume that
the opinions of node i and its neighbor node j on the
public opinion are X i and X j , respectively, and the trust
threshold that constrains the interaction between nodes
is r. When j X i X j j< r, the two nodes interact with
each other, and the opinions of nodes are updated,
X i D X i C .X j X i /.i; j /
(1)
where .i; j / 2 Œ0; 0:5 is the convergence parameter
from the opinion of node i to its neighbour node j ,
namely, the change rate of the opinion of the node under
the influence of neighbour nodes. When .i; j / D 0, the
opinions of interacting nodes and their neighbor nodes
will not change. When .i; j / D 0:5, the opinions
of i and j are updated to half of the sum of their

opinions. The two abovementioned scenarios reflect
the different characteristics of nodes. When  is small,
nodes are firm in their strategies and do not easily waver
in their opinions. When  is large, nodes are hesitant
about their strategies and freely adjust their opinions.
This parameter .i; j / represents social distance. The
reasons for social distance include economic, cultural,
social, and other factors, which also reflect the social
phenomenon of birds of a feather flock together.
However, this model still has some limitations. First,
in real life, people may be inclined to communicate with
individuals who hold similar standpoints to them[38, 39] ,
but not everyone communicates with people with similar
opinions. People will still communicate with individuals
with significantly different or even diametrically
opposite opinions. Second, from the perspective of the
dissemination process of network public opinion on the
condition of incomplete information, the limitation of the
parameter  is not set properly. Therefore, we modify
the convergence parameter  and set the restriction that
there is no trust threshold for communication between
nodes, then .i; j / 2 Œ0; 1.
3.3

Construction of the evolutionary game model

Based on the modified Deffuant model and the SSIRR-I
public opinion dissemination model, the opinions of
node i and its neighbour node j at time t are set to X ti
and X tj , respectively. The X is defined in the following:
(
.0; 1;
dissemination nodesI
X2
(2)
Œ 1; 1/; immune nodes
Communication is conducted between the nodes in the
next moment, and then, the node i updates the opinion
at time t C 1,
i
X tC1
D X ti C .X tj X ti /.i; j /
(3)
Dissemination and immune nodes play games and
change their states in combination with their preferences.
According to the abovementioned description of node
states in the dissemination process of public opinion
with incomplete information, the dynamic equation of
the public opinion dissemination is constructed,
8
dS.t /
ˆ
ˆ
D S.t /I.t / S.t /R.t /;
ˆ
ˆ
ˆ
< dt
dI.t /
(4)
D S.t /I.t / ˛I.t / C ˇR.t /;
ˆ dt
ˆ
ˆ
ˆ
ˆ
: dI.t / D S.t /R.t / C ˛I.t / ˇR.t /
dt
where , ˛, ˇ, and  represent the conversion rates of
the nodes; they satisfy 0 6 ; ˛; ˇ;  6 1.
The dissemination process of public opinion is

https://dc.tsinghuajournals.com/complex-system-modeling-and-simulation/vol1/iss2/3
DOI: 10.23919/CSMS.2021.0008

4

Wu et al.: Public Opinion Dissemination with Incomplete Information on Socia

Bin Wu et al.: Public Opinion Dissemination with Incomplete Information on Social Network: A Study Based on : : :

determined by , ˛, ˇ and  in Eq. (4). Unknown
nodes neither carry information nor actively participate
in the dissemination of public opinion. On the contrary,
dissemination and immune nodes actively participate in
the dissemination process of public opinion. Therefore,
to better study the rules of public opinion dissemination
with incomplete information, an evolutionary game
model is established for the dissemination and immune
nodes in combination with the game theory.
Game subjects: dissemination and immune nodes.
Strategy and status: dissemination and immune
nodes exchange and update their opinions on whether to
disseminate or to be immune to public opinion.
In the actual process of public opinion dissemination
under incomplete information, nodes will choose the
behavior strategies that maximize their interests and
adjust the strategies with certain probabilities. There are
four situations in which public opinion is disseminated
through social networks. When the probability of the
dissemination node choosing to spread public opinion
is 1
˛ and the probability of the immune node
choosing to be immune to public opinion is 1 ˇ,
the preferences of the dissemination and the immune
nodes are not changed, and their opinions remain
unchanged. When the dissemination node makes the
immune node more inclined to disseminate public
opinion, dissemination node will be encouraged and
receive a sense of satisfaction, thus gaining the certain
psychological value and benefits M.M > 0/. Hence,
the dissemination node gets X ti C M benefits with
j
probability 1 ˛, and the immune node gets X tC1
benefits with probability ˇ in the game. When the
immune node makes the dissemination node lose interest
in public opinion and inhibits the dissemination intention
of the dissemination node, the psychological satisfaction
of the immune node will be improved, and certain
psychological benefits N.N < 0/ will be generated.
Then, the opinion of the immune node will decrease
and the dissemination of public opinion will be inhibited.
Further, the immune node gains X tj C N benefits with
probability 1 ˇ, and the dissemination node gains
i
X tC1
benefits with probability ˇ in the game. When
the strategies of both sides change at the same time and
the same psychological benefits K.K > 0/ is obtained,
the dissemination node gets X ti C K benefits after the
updated strategy with probability ˛, and the immune
node gets X tj K benefits after the updated strategy
with probability ˇ.
In brief, the game model of dissemination and immune
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nodes in public opinion dissemination with incomplete
information can be constructed, as shown in Table 1.
3.4

Solution and analysis of the game model

According to Friedman’s evolutionary game method, and
on the basis of Table 1, the expected value EI1 of the
the dissemination strategy, the expected value EI 2 of the
immunization strategy, and the average value EOI gained
by the dissemination nodes are in the following:
EI1 D .X ti C M /  ˇ C X tj  .1 ˇ/ D
Mˇ C X ti
EI 2 D .X tiC1

(5)

C K/  ˇ C

X tjC1

X tiC1

 .1

Kˇ C
O
EI D .1 ˛/  EI1 C ˛  EI 2 D
ˇŒM C ˛.K
˛.X tj

ˇ/ D
(6)

M /C

X ti /.i; j /

C X ti

(7)

According to the Malthusian dynamic equation, the
growth rate of a strategy is equal to its relative fitness.
As long as the fitness of the individual adopting
the strategy is higher than the average fitness of the
group, the probability of the strategy will grow. Thus,
the dynamic replication equation of the immunization
strategy selected by the dissemination node in the
process of network public opinion dissemination can
be obtained,
d˛.t /
˛ 0 .t / D
D ˛  .EI1 EOI / D
dt
˛.1 ˛/Œˇ.K M /C
.X j

X i /.i; j /

(8)

Similarly, the dynamic replication equation of
dissemination strategy selected by the immune node can
be obtained,
dˇ.t /
ˇ 0 .t / D
D ˇ  .ER1 EOR / D
dt
ˇ.1 ˇ/Œ ˛.K C N /C
.X i

X j /.i; j /

(9)

where ER2 and EO R represent the expected value of the
dissemination strategy and average value gained by the
immune node, respectively.
The dynamic replication equations of the
dissemination and immune nodes can be obtained
Table 1

Payoff matrix of dissemination and immune nodes.
Immune node
Dissemination node
Disseminate (ˇ)
Immune (1 ˇ)
Disseminate (1 ˛) (X ti C M , X tjC1 )
(X ti , X tj )
j
i
Immune (˛)
(X ti C K; X t
K/ (X tC1
; X tj C N /

5
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simultaneously,
8 0
˛ .t/ D ˛.1
ˆ
ˆ
ˆ
ˆ
<
.X j
F D
ˆ
ˇ 0 .t/ D ˇ.1
ˆ
ˆ
ˆ
:
.X i

˛/Œˇ.K

M /C

i

X /.i; j /;
ˇ/Œ ˛.K C N /C

(10)

X j /.i; j /

In the system F , we set ˛ 0 .t / D 0 and ˇ 0 .t / D 0, and
obtain five equilibrium
points, which are .0; 0/, .0; 1/,

 i
.X X j /.i; j / .X j X i /.i; j /
;
.
.1; 0/, .1; 1/,
N CK
M K
The Jacobi matrix is determined in the following:
"
#
a11 a12
(11)
a21 a22
where a11 , a12 , a21 , and a22 are as follows:
a12 D ˛.1 ˛/.K M /
a21 D ˇ.1

ˇ/.K C N /

a11 D .1

2˛/Œ.X j

X i /.i; j / C ˇ.K

a22 D .1

2ˇ/Œ.X i

X j /.i; j /

(12)
(13)
M / (14)

˛.K C N / (15)

detJ is the determinant of the Jacobi matrix, and t rJ is
the trace of the Jacobi matrix. When detJ D a11 a22
a12 a21 > 0 and t rJ D a11 C a22 < 0, the strategies of
players tend to be stable. Determinants of stable points
are obtained as shown in Table 2.
The stability of the equilibrium points may be different
when the opinions and benefits are different. The stability
of the equilibrium points is discussed.
Scenario 1: If M >j N j> K, then it means that the
dissemination nodes occupy the dominant position and
more actively encourage the immune nodes to spread the
public opinion; in other words, the promotion effects of
the dissemination nodes on the dissemination of public
opinion are greater than the inhibition effects of the
immune nodes. According to the relationship between
the opinions and benefits, the stability of different
equilibrium points in the evolutionary game model can
be analyzed and obtained, as shown in Table 3.
Table 2
(˛, ˇ)
.0; 0/
.0; 1/
.1; 0/
.1; 1/
(˛  , ˇ  )

Determinant and trace values.
detJ
t rJ
(X tj X ti )
0
[(X tj X ti ) C .K M /
2(X tj X ti )C
.K M /
(X tj X ti )
j
i
[(X t X t ) .K C N /
2(X ti X tj )
j
i
(K C N )
(X t X t )
[.M K/ .X tj X ti )]
M CN
(N C K/ .X ti X tj )
a12 (˛  ; ˇ  )a21 (˛  , ˇ  )
0

Table 3 Stability of equilibrium points in Scenario 1.
(˛, ˇ)
detJ
t rJ
Stability
.0; 0/
Saddle point
.0; 1/
C
Stable point
.1; 0/
C
C
Instability point
.1; 1/
Saddle point
(˛  , ˇ  )
Unsteady point

As shown in Table 3, .0; 1/ is the only stable point,
which indicates that no matter what the initial states
the dissemination and immune nodes are in, the stable
point will eventually be .0; 1/. Finally, the dissemination
nodes will promote the immune nodes to disseminate
public opinion. In this case, the dissemination nodes
change the behavior strategies of the immune nodes, and
the nodes in the network are more inclined to disseminate
public opinion, which is in line with the actual situation.
Scenario 2: If j N j> M > K, then it means that
the immune nodes occupy the dominant position, and
hence, the immune nodes will try to change the behavior
strategies of the dissemination nodes. To a certain extent,
the immune nodes suppress the spread of public opinion.
According to the relationship between opinions and
benefits, the stability of different equilibrium points
in the evolutionary game model can be analyzed and
obtained, as shown in Table 4. .0; 1/ is the only stable
point, which indicates that no matter what the initial
states the dissemination node and the immune node are
in, the stable point will eventually be .0; 1/. In other
words, the immune node cannot completely suppress the
dissemination of public opinion. As time goes by, some
nodes still spread public opinion on social networks,
which fits the actual situation.
In combination with the two abovementioned
scenarios, it can be observed that the equilibrium point
.1; 0/ is the unstable point no matter whether the
dissemination nodes or the immune nodes occupy the
dominant position. In other words, after the interaction
of nodes in the two states, the states of nodes may change
according to the content of public opinion and the role of
neighbor nodes. Nevertheless, the probability of absolute
Table 4 Stability of equilibrium points in Scenario 2.
(˛, ˇ)
detJ
t rJ
Stability
.0; 0/
0
Saddle point
.0; 1/
C
Stable point
.1; 0/
C
C
Instability point
.1; 1/
Saddle point
(˛  ; ˇ  )
Unsteady point
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suppression of public opinion dissemination is very low.
3.5

Numerical simulation and analysis

In the paper, Matlab is used to simulate the evolutionary
state between dissemination and immune nodes. Based
on this, we can analyze the influence of different
factors on the behavioral strategies of dissemination and
immune nodes intuitively.
(1) Variation trends of parameters in the
dissemination process of public opinion under
different scenarios
Based on Scenario 1, probabilities that the immune
nodes choose the dissemination strategy are set to 0.7 and
0.9. In addition, the probabilities that the dissemination
nodes choose the immunization strategy are 0.3 and 0.1.
At the same time, .i; j / D 0:1 and X ti X tj D 1
are set.
The simulation results are shown in Fig. 2, where the
horizontal axis is set as the step size and its unit is hour.
1.0
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0.8
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(a) ˛ D 0:3 and ˇ D 0:7
1.0
α
β

0.8

p

0.6
0.4
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0
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Step (h)
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(b) ˛ D 0:1 and ˇ D 0:9
Fig. 2 Probability variation trend in the dissemination
process of public opinion in Scenario 1.
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According to the actual dissemination process of public
opinion, the variation trends of parameters within 30 h
are intercepted. The ordinate is p, which represents
the probability of behavioral strategies of nodes in
the dissemination process of public opinion. It can be
observed that the probability of the dissemination node
choosing to be immune to public opinion approaches
0, and the probability of the immune node choosing
to disseminate the public opinion approaches 1. This
indicates that the dissemination nodes play a significant
role in promoting the dissemination of public opinion,
which is consistent with analysis of stable points in
Scenario 1. Besides, it can be observed from simulation
results that the higher the probability of the immune
node to disseminate public opinion and the lower the
probability of the dissemination node to be immune to
public opinion, the sooner the dissemination system
of the public opinion reaches a stable state. This
also exhibits that the weaker the willingness of the
dissemination node to be immune to public opinion, the
faster the spread of public opinion.
Based on Scenario 2, probabilities that the
dissemination nodes choose the immunization strategy
are set to 0.7 and 0.9. Moreover, the probabilities of the
immune nodes choosing the dissemination strategy are
0.3 and 0.1. .i; j / D 0:1 and X ti X tj D 1 are set.
The simulation results are shown in Fig. 3. The
probability of the dissemination node choosing to be
immune to the public opinion gradually approaches 0,
and the probability of the immune node choosing to
disseminate the public opinion approaches 1, which is
consistent with analysis of stable points in Scenario 2.
It can be observed from the simulation results that ˛
reaches a stable state in advance as the intersection point
moves back. The results indicate that the immune node
is interested in the public opinion again and spreads the
public opinion, so that the public opinion becomes more
intense, and the dissemination system of public opinion
quickly reaches a stable state.
(2) Probability variation trend in the
dissemination process of public opinion at different
 .i; j/
The convergence parameter  is set as 0.2, 0.5, and
0.8, as shown in Figs. 4 and 5. As can be observed
from Fig. 4, the larger the , the shorter the suppression
time of immune nodes on the dissemination of public
opinion, and the smaller the inhibition effect. It can be
observed from Fig. 5 that the larger the , the sooner the
dissemination node reaches a stable state and the more
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Fig. 3 Probability variation trend in the dissemination
process of public opinion in Scenario 2.
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opinion and negatively correlated with inhibiting effect
of the immune node.
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(a) ˛ D 0:7 and ˇ D 0:3

0
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Influence of parameter  on ˛ .

conducive it disseminates public opinion. Therefore, the
larger the convergence parameter , the more significant
the influence on the spread of public opinion. In other
words,  is positively correlated with the promotion
effect of the dissemination node on disseminating public

Case Simulation and Analysis
Case selection and model fitting comparison

We select the typical public opinion event from
microblogs and obtain the public opinion dissemination
data. The data samples are used as training data to fit
the parameter values of the public opinion dissemination
model. Notably, the data used in this experiment are
obtained from the monitoring report “Civil Servers
Poisoning the Unit’s Drinking Water”, provided by
Weibo, and are captured by the web crawler tool and
filtered. In addition, we count the number of users and
microblogs that transmit the public opinion every hour
and count the repeated participants and contents only
once.
The hot public opinion “Civil Servers Poisoning
the Unit’s Drinking Water” was selected. At 17:27
on October 26, 2020, the hot news was officially
disclosed. Shortly after, many bloggers began to forward
it. The public opinion quickly climbed to the top
of the hot search list, thereby rapidly expanding the
spread of public opinion on Weibo. As time went on,
the heat of public opinion gradually decreased. After
24 h, the dissemination of public opinion converged to
a steady state. According to the actual dissemination
data of public opinion, the SSIRR-I model employed
in this study is simulated and the optimal parameter
can be approximated as  D 0:6, ˛ D 0:3, ˇ D 0:003,
and  D 0:3. The overall trend of public opinion
dissemination based on SSIRR-I model is consistent with
the change trend of actual public opinion dissemination,
which shows that the model can effectively reflect the
dissemination process of public opinion. Meanwhile, the
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In the dissemination process of network public opinion,
the densities of the unknown nodes reduce. With time
evolution, the densities of the dissemination nodes
will reach a peak and then gradually decrease. When
the public opinion is initially less concerned, or the
derivative and secondary radiations of the public opinion
are relatively large, the density of the immune nodes
presents an upward trend and finally reaches a steady
state. Based on this aspect, some parameters are
analyzed.
(1) Influence of parameter ˛ on density of nodes
In the simulation, we set  D 0:6, ˇ D 0:003, and
 D 0:3, and change the value of ˛, as shown in
Fig. 7. In Fig. 7a, the smaller the value of ˛ is, the
faster the curve rises, and later the curve arrives at the
steady state. This factor shows that under incomplete
information, the more valuable the public opinion is
and the more firmly the dissemination nodes are willing
to spread the public opinion, the more conducive it
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Influence of parameters on the dissemination
process of public opinion
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SSIRR-I model and SSIR model are compared in Fig. 6.
The horizontal axis is set as the step size, and the unit
is hour. According to the data and the characteristics
of public opinion transmission, the variation trends of
parameters within 50 h are intercepted. The ordinate is
set as a proportion representing the densities of nodes
in different states. The actual dissemination process
of public opinion, the dissemination process of public
opinion on the SSIR model, and the dissemination
process of public opinion on the SSIRR-I model are
compared. It is concluded that the dissemination process
of public opinion on the SSIRR-I model is consistent with
the actual dissemination process of public opinion.
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(b) Immune node
Fig. 7 Densities of dissemination and immune nodes with
different values of ˛ .

is to spread the public opinion and the higher the
densities of the dissemination nodes will be. In addition,
in Fig. 7a, when ˛ D 0:1, the extreme value of the
curve is the largest, and the curve rises the fastest. It
reveals that public opinion has gained great attention
from network users after entering the social network.
Moreover, the derivative and secondary radiations of
the public opinion dissemination under incomplete
information extend the time and scope of public opinion
dissemination. In Fig. 7b, when ˛ D 0:3 and 0:5, the
two curves almost coincide, which indicates that when
˛ reaches a certain threshold, it has little influence on
the public opinion dissemination. Therefore, in the case
of incomplete information, on the one hand, we need to
increase the value of public opinion dissemination based
on the perspective of the dissemination node. Visual
applications, such as the big data, can be used to
expand the depth of public opinion. Simultaneously,
we should pay attention to the title, presentation form,
and other intuitive contents of public opinion disclosure.
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For example, we can attract users by exaggerating
facts or short videos to promote the derivative and
secondary radiations of public opinion dissemination
under incomplete information. This allows immune
nodes to have an in-depth interpretation of public opinion
and transform immune nodes into dissemination nodes,
which allows public opinion to receive more attention.
On the other hand, based on the perspective of immune
nodes, we need to reduce the heat of critical nodes in
the dissemination process of public opinion. We can
temporarily shelve the public opinion and give netizens
a calm time to weaken the participation of nodes, thereby
reducing the popularity of public opinion.
(2) Influence of parameter ˇ on density of nodes
In the simulation, we set  D 0:6, ˛ D 0:3, and
 D 0:3, and change the value of ˇ, as shown in
Fig. 8. In Fig. 8, in the early stage of public opinion
dissemination, the trends of the three curves almost
coincide. It indicates that the derivative and secondary
radiations of public opinion with incomplete information
have no difference in the early dissemination of public
opinion. Besides, the larger ˇ is, the higher the densities
of dissemination nodes are, and the larger the steadystate value is. The results show that the derivative and
secondary radiations of public opinion with incomplete
information continuously promote the dissemination of
public opinion, in the later stage. Therefore, on the
one hand, based on the perspective of dissemination
nodes, we need to strengthen the secondary radiation
of public opinion dissemination. Consequently, we can
continue to disclose the public opinion or use key nodes
to promote the dissemination of public opinion while
ensuring the interests of critical nodes. On the other
hand, based on the perspective of immune nodes, we
need to control the derivation of public opinion, such

as by urging key nodes to express their standpoints and
positions rather than causing more divergence in public
opinion and deriving more topics on the public opinion.
(3) Influence of parameter  (i; j) on density of
nodes
In the simulation, we set  D 0:6;  D 0:3, and
change the value of .i; j /. Meanwhile, based on
Scenario 1, the initial value of ˛ is 0.3, and the initial
value of is 0.7, as shown in Fig. 9a; based on Scenario
2, the initial value of ˛ is 0.7, and the initial value of ˇ is
0.3, as shown in Fig. 9b. In Fig. 9, no matter which side
is dominant, the density of immune nodes approaches
0, thus verifying that .0; 1/ is the stable point. The
larger the  is, the sooner the density of immune nodes
reaches the steady state. It shows that the greater the
convergence rate of opinions, the more significant the
promotion effect on the public opinion dissemination.
Compared with Fig. 9a, the density of immune nodes in
Fig. 9b grows faster and the extreme value is also larger.
In other words, in the case of incomplete information,
the dominant immune node has a significant inhibitory
effect on the dissemination of public opinion, but due
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to the derivative and secondary radiations, immune
nodes still cannot prevent the spread of public opinion.
Therefore, when expanding public opinion attention
under incomplete information, we need to pay attention
to intuitive content, such as public opinion titles. On
the one hand, we must prevent unknown nodes under
incomplete information from ignoring public opinion
and becoming immune nodes. On the other hand, we
can ask influential bloggers to forward or pay attention
to the public opinion to improve secondary radiation
of public opinion under incomplete information. At
the same time, we should maintain a high degree of
interaction with users who are interested in the public
opinion to strengthen users’ opinions and willingness to
disseminate public opinion.

5

Conclusion

This study investigates the public opinion dissemination
process on social networks under incomplete
information. The SSIRR-I public opinion dissemination
model with the derivative and secondary radiations is
formulated on the basis of the SIR model. Furthermore,
considering the interaction between nodes, the Deffuant
viewpoint interaction model and game theory are used to
construct an evolutionary game model of dissemination
and immune nodes. The hot public opinion in the
mainstream social platform is then selected for
the simulation experiment. The simulation results
demonstrate that this model, based on the characteristics
of public opinion dissemination with incomplete
information, is consistent with the dissemination rules
of public opinion in existing social networks. The
results show that  has a significant impact on the
spread of public opinion; it is positively correlated
with the dissemination node’s promotion effect on
the dissemination of public opinion and negatively
correlated with the immune node’s inhibitory effect.
When ˛ reaches a certain threshold, it has little influence
on the dissemination of public opinion. The derivative
and secondary radiations of public opinion have
little effect on disseminating public opinion in the
early stage, but promote the dissemination of public
opinion in the later. When the immune nodes are in the
dominant position, they have an apparent inhibitory
effect on the spread of public opinion. However, they
still cannot block the dissemination of public opinion.
The conclusions of the paper provide guidance and a
scientific basis for exploring the dissemination process
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of public opinion with incomplete information. However,
the actual dissemination process of public opinion is
more complicated. Therefore, future research should
incorporate more factors to improve the dissemination
model of network public opinion, such as the influence
of nodes.
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